Accumulated evidence has suggested associations between glucose abnormalities and insulin resistance with hepatitis C virus (HCV) and hepatitis B virus (HBV) infections. However, few studies have reported the effect of hepatitis virus infections on body composition. Our aim was to explore the association of hepatitis virus infections with percent body fat (PBF) in a cross-sectional analysis. A total of 69226 subjects obtained from the health examinations at Tri-Service General Hospital (TSGH) from 2010 to 2016 were enrolled in the study. Participants were divided into subgroups based on the presence of hepatitis B surface antigen (HBsAg) and anti-HCV. PBF was measured by bioelectrical impedance analysis (BIA). A multivariable linear regression model was applied to test the association of hepatitis virus infections with PBF and glycemic status. In male participants, hepatitis virus infections were closely associated with increased PBF, especially in those subjects with HCV/HBV coinfection. HCV/HBV coinfection was positively correlated with fasting plasma glucose and postprandial glucose while HCV and HBV mono-infection were not. The impact of hepatitis virus infection on increased PBF was observed in general population with gender difference. A further study on the treatment of hepatitis virus infection might help prevent the development of obesity-related diseases.
Introduction
Hepatitis virus infection is a progressive disease leading to the development of cirrhosis and even hepatocellular carcinoma (HCC) in approximately 20-30% of patients worldwide [1, 2] . Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections were the two major etiologies of liver diseases that caused medical health and socioeconomic problems in Taiwan [3, 4] . Numerous studies have reported that hepatitis virus infection was related to the risk of type 2 diabetes mellitus (DM) and a higher percentage of patients with viral liver diseases had DM than did those with other pathogenesis [5, 6] . a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
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Insulin resistance is a pathological condition in which cells) fail to respond normally to insulin; it is responsible for cardiometabolic disorders [7] . Common features in obesity and DM are reduced insulin-stimulated glucose transport and metabolism in adipocytes and impaired suppression of hepatic glucose output [8] . Adipocytes are among the most highly insulin-responsive cell types [9] . Previous studies have suggested that increased adiposity was a principal contributor to insulin resistance [10] .
The association between hepatitis virus infection and insulin resistance has been published previously [11, 12] . To our knowledge, no previous studies have explored the interaction between hepatitis virus infections and adipose tissue. Our aim was to analyze whether hepatitis virus infections including HCV, HBV and HCV/HBV coinfection would impact percent body fat (PBF) in the general population composed of participants from the health examinations at Tri-Service General Hospital (TSGH).
Methods

Study design
All analyzed patient characteristics were obtained from health examinations at Tri-Service General Hospital (TSGH) from 2010 to 2016, including 69226 participants aged 20 years and older. The study design met the requirements of the Helsinki Declaration and the design was approved by the institutional review board of Tri-Service General Hospital. The institutional review board of Tri-Service General Hospital waived the need to obtain individual informed consent because the data were analyzed anonymously. Fig 1 presents the flow chart for each step of the analysis. First, 20143 subjects lacking biochemistry data and serum hepatitis viral markers, body composition measurements and self-reported medical histories were excluded. Next, 49083 eligible participants were classified into four groups based on the presence of HBsAg or anti-HCV: normal (HBsAg (-)/anti-HCV (-)), HBV (HBsAg (+)/anti-HCV (-)), HCV (HBsAg (-)/anti-HCV (+)), and HBV/HCV coinfection (HBsAg (+)/anti-HCV (+)). Then, the associations between hepatitis virus infections and anthropometric parameters were tested in a multivariable linear regression model and a cross-sectional analysis. Finally, the associations of hepatitis virus infections with fasting plasma glucose (FPG) and postprandial plasma glucose (PPG) were investigated.
Examination of hepatitis B/C infection
Serum viral markers of hepatitis B surface antigen (HBsAg) and anti-HCV were tested during the health examinations at Tri-Service General Hospital. Radioimmunoassay kits (Abbott Laboratories, Chicago, IL, USA) were used for detecting HBsAg. Anti-HCV was detected by using a 3rd-generation enzyme immunoassay (Abbott Laboratories).
Measurement of body composition
Body mass index (BMI) was used as an attempt to quantify the amount of tissue mass of an individual and as a standard for recording obesity [13] . BMI was estimated based on the formula of body mass divided by the square) of the height (kg/m2). Waist circumference (WC) was measured using the smallest circumference between the lower ribs and iliac crests. Bioelectrical impedance analysis (BIA) is an effective, validated method for assessing body composition [14] . It is an alternative to more invasive and expensive methods such as dual-energy Xray absorptiometry, computerized tomography, or magnetic resonance imaging. In the present study, we measured PBF and total lean mass (TLM) using BIA (InBody720, Biospace, Inc., Cerritos, CA, USA).
Covariates measurement
Blood samples collected from subjects after fasting for at least 8 hours were used to analyze biochemical laboratory data. FPG and PPG were measured using a glucose oxidase method. Total cholesterol was measured by using an enzymatic colorimetric method. Other biochemical parameters were measured by standard laboratory tests.
Statistical analysis
The Statistical Package for the Social Sciences, version18.0 (SPSS Inc., Chicago, IL, USA) for Windows was used for statistical calculations. The differences between the various hepatitis infection subgroups in terms of demographic information and biochemical data were tested with the Student's t test and Pearson's chi-square test. The threshold for statistical significance was defined by a two-sided p-value of 0.05. The extend-model approach was applied for multivariable adjustment for pertinent clinical variables. A multivariable linear regression model was applied for associations between the various hepatitis infection subgroups and anthropometric parameters and for the relationships between different hepatitis infection subgroups with FPG and PPG.
Results
Demographic characteristic of the study population
The characteristics of the study sample including age, body composition, laboratory data and medical history are summarized in Table 1 . The mean ages of the various subgroups were as follows: Normal: 39.57±13.74 years; HCV: 44.18±13.73 years; HBV: 43.17±11.59 years; HCV/ HBV: 46.02±11.29 years. The HCV/HBV coinfection group had higher levels of FPG (97.17 ±38.92 mg/dL), PPG (156.30±61.59 mg/dL), and prevalence of T2DM (6.4%) than other subgroups. Participants in the HCV group had higher PBF (28.86±7.25%) than did the other subgroups. All characteristic data showed significant differences, except serum for total cholesterol, uric acid and history of smoking.
Association between hepatitis virus infections and anthropometric parameters
The associations of hepatitis virus infections and PBF, WC and TLM were analyzed by multivariable linear regression model (Table 2) . HCV, HBV and HCV/HBV coinfection had positive association with PBF, with β values of 0.578, 0.425 and 0.997 (95%CI = 0.215, 0.941; 0.094, 0.756; 0.175, 1.820), respectively, in the fully adjusted model. In particular, subjects with HCV/ HBV coinfection were more closely associated with PBF than were other subgroups. However, no interaction was noted among the hepatitis virus infections groups with WC and TLM.
A gender difference in associations between hepatitis virus infections and anthropometric parameters are displayed in Table 3 . The previous results remained in the male population with β values of 0.828, 0.464 and 1.445 (95%CI = 0.337, 1.318; 0.033, 0.895; 0.314, 2.577), respectively, but not in the female population. 
Association of hepatitis virus infections with FPG and PPG
A linear regression model was applied to the association of hepatitis virus infections with FPG and PPG ( 
Discussion
The present study highlighted the important role of the interaction of hepatitis virus infection with obesity. Hepatitis virus infections such as HCV, HBV and HCV/HBV coinfection had a positive relationship with increased PBF, especially in males. HCV/HBV coinfection was significantly associated with increased FPG and PPG. This suggested that hepatitis virus infection might influence the mechanisms of glucose uptake and might cause the development of adiposity accumulation. To the best of our knowledge, our study was the first to explore the association between hepatitis virus infection and adipose tissue by estimating anthropometric parameters in a population-based cross-sectional study. Previous studies examined the close relationship between liver diseases and glucose metabolisms. Interventions for DM such as pioglitazone, glucagon like peptide-1 (GLP-1), and sodium-glucose cotransporter 2 inhibitor (SGLT2I) have been reported to provide benefits in nonalcoholic steatohepatitis [15] [16] [17] . Allison et al. first reported that patients with HCV-related cirrhosis had more T2DM than did those with cirrhosis from other etiologies [6] . Accumulated clinical and experimental studies demonstrated that HCV directly contributed to perturbed glucose metabolism, leading to both insulin resistance and diabetes [18, 19] . Glucose intolerance was reported to be prevalent in patients with HBV [20] . In a large population-based study, chronic HBV was associated with insulin resistance defined by HOMA-IR. Papatheodoridis et al. observed that diabetes was present in more than 10% of patients diagnosed with hepatitis virus infection without a significant difference between those with chronic hepatitis B or C [12] . The exact mechanisms of HCV-induced insulin resistance were not determined, but numerous potential viewpoints had been reported [21] . Impaired expression of insulin receptor substrates was noted among patients with HCV [22] . Impaired insulin resistance signaling pathways caused by HCV were included downregulation of PPARγ, activation of the mTOR/ S6K1 pathway, and increased secretion of TNF-α [23] [24] [25] . HCV infection also promoted the expression of gluconeogenic genes resulting in glucose metabolic dysfunction, such as reduced glucose uptake and increased plasma glucose [26] . Several studies have found a higher prevalence of glucose metabolism disturbances in patients with HCV infection [27, 28] . Specifically, an increased risk for T2DM was noted in patients with chronic HCV infection [29] . T2DM occurred in 14.5-33.0% of chronic HCV patients [30, 31] . However, only 3.7% of participants were diagnosed with T2DM in the present study. As seen in Table 4 , HCV infections were not associated with glucose abnormalities. One possible explanation for this was that all participants' FPG levels were within normal range, and a low prevalence of T2DM was found. Neverthelss, higher levels of FPG and PPG were observed in HCV subjects than in the normal group. In addition, a higher prevalence of T2DM was observed in the HCV group than in the normal group. Notably, HCV/HBV coinfection was closely associated with increased FPG and PPG in a relatively healthy population, but there was no such association with HCV or HBV infection alone.
Insulin resistance was significantly related to adipose tissue, especially visceral adiposity [32] . Eguchi et al. suggested that HCV infection potentially influenced glucose metabolism regardless of the amount of visceral fat accumulation. Increasing visceral fat accumulation significantly developed insulin resistance in HCV-infected patients [33] . Specific cytokines produced by visceral adipose tissue, such as leptin, adiponectin and inflammatory factors including TNF-α and IL-6, might lead to insulin resistance [34] . This was consistent with our findings that hepatitis virus infections were related to increased PBF. The mechanisms of the interaction of body fat accumulation with HCV and HBV remained unknown and should be investigated in further studies.
Gender difference were noted in the relationship between hepatitis virus infections and PBF. Epidemiological studies revealed that chronic HBV and HCV infections progressed more rapidly in males than in females [35, 36] . The predominant liver diseases tending to occur in men and postmenopausal women were cirrhosis, nonalcoholic fatty liver disease (NAFLD) and hepatocellular carcinoma (HCC) [37] . In a previous study, estradiol was suggested to have a beneficial effect on the progression of chronic liver disease by suppressing hepatic fibrosis and reducing hepatocyte apoptosis [38] .
Although the large population-based sample analyzed in our study was a strength, there are nevertheless several limitations. First, measurement of insulin resistance was absent in the health examinations. This measurement might be more accurate to test the association of glucose metabolism with hepatitis virus infection. Second, our data did not support a causal inference that might be drawn from a longitudinal survey, therefore such examination in the future is needed. Third, a causative effect of hepatitis virus infection on PBF was not established in the present study. Finally, we could not distinguish participants with spontaneously or therapeutically resolved HCV infection in this cross-sectional study based on past and medication histories. Serum anti-HCV may persist over time, decrease slightly, or disappear gradually after a few years in patients with spontaneously or therapeutically resolved infection [39] . The measurement of anti-HCV was only performed once in our study rather than repeated several times during a long-term follow-up. The diagnosis of chronic inactive HBsAg carrier status was made based on the absence of HBeAg, repeated normal liver function, and even normal histology on biopsy [40] . However, the examination of HBeAg or liver biopsy was unavailable in the current study, such that we could not determine the difference between inactive carriers and chronic hepatitis patients. As seen in Table 1 , the majority of participants with hepatitis B infection had relatively normal liver function (AST: 24.97 U/L). It is tempting to speculate that most of our participants were chronic inactive carriers, not chronic hepatitis patients.
Conclusion
Hepatitis virus infections including HCV, HBV and HCV/HBV coinfection were observed to be closely associated with increased PBF in male patients. The plausible underlying pathophysiologic mechanism concerning these associations might be related to increased glycemic status. Better recognition of the interactions between body composition and hepatitis virus infections might provide useful data for treatments applied in obesity-related diseases.
